In this research, the melt blending technique was used to prepare various polypropylene (PP) based nanocomposites. A commercial organoclay (denoted 15A) served as the filler for PP matrix, and the maleic anhydride modified PP was used as compatibilizer. The specimens were subjected to electron beam (EB) irradiation. The purpose of the study focuses on the influences of EB irradiation on the thermal stability and mechanical properties of the nanocomposites. The morphology of the nanocomposites was studied using X-ray diffraction (XRD) and scanning electron microscopy (SEM). The XRD and SEM results showed that these nanocomposites are best described as intercalated systems. PP/Clay nanocomposites showed good thermal stability in the TGA analysis. TGA data at 500KGy showed that the EB irradiation has negative effect on thermal stability of the nanocomposites. Mechanical testing showed that the EB irradiation strongly influences the mechanical properties (tensile strength, Young's modulus and hardness) of PP/Clay nanocomposites. The value of tensile strength decreases remarkably for all specimens with increasing irradiation dose up to about 550 KGy, but this reduction for nanocomposites with 3% clay is less than that of the pure PP/PP-g-MA blend. In higher irradiation doses, reduction in tensile strength of PP nanocomposites is less than that of the pure PP/PP-g-MA blend. Optimum irradiation dose of Young's modulus for PP/Clay nanocomposites with 5% clay is 450 KGy. The hardness of the nanocomposites with 5% clay was found to decrease with increase in irradiation dose.
Introduction
It is believed that the presence of only a small amount of clay can greatly improve many properties of polymers, if nanodispersion of clay in the matrix is realized (Alexander et al. [1] ). Polymer/clay nanocomposites have been of great interest since the research at the Toyota company found that polyamide-6-clay nanocomposites gave greatly enhanced mechanical properties, along with a large increase in the heat distortion temperature, at only 5% clay loading (Usuki et al. [2] , Tang et al. [3] ). Generally there are five ways to make nanocomposites: Solution method, in situ intercalation polymerization, melt blending, template synthesis and sol-gel, of which melt blending is favored in industry (Alexander et al. [1] ).
The clay is highly organophilic, which means that it must generally be organicallymodified by treatment of some organophilic agents, in order to obtain nanocomposites with polymers (Liang et al. [4] , Hai et al. [5] ).
Polypropylene is the most widely used polyolefine polymers, but, because of their non-polar backbones, it is a challenge to make nanocomposites of PP by melt blending with organcally modified clay. In most instances, maleic anhydride grafted PP was used as a compatibilizer (Wang et al. [6] , Zhang et al. [7] , Kawasumi et al. [6, 7, 8, 9, 10, 11] to permit the formation of the nanocomposites.
Recent literatures have shown that polypropylene nanocomposites could be formed by direct melt blending polymer with an oligomerically-modified clay [12, 13, 14] .
Radiation processing of polymers has received increased attention from many researchers because it can be regarded as a way to modify the molecular structure of polymers as an alternative method to the more traditional chemical methods. Gamma irradiation can also be used to sterilize the equipment used in medicine [15, 16, 17, 18, 19] .
The main irradiating sources include gamma rays from radioactive isotopes such as cobalt 60, electron beams from electron accelerators, and X-rays converted from electron beam. It is well known that the main effect of interaction of gamma rays with polymers is the formation of free radicals, whose further evolution can cause chain scission, chain branching and/or cross linking [20] .
Articles on the influence of radiation on PP/clay nanocomposites are lacking. Therefore, it is worthwhile to investigate gamma or electron beam irradiation PP/clay nanocomposites. In the present work, PP/Clay nanocomposites were prepared by melt blending. The resulting materials were then exposed to electron beam rays. The aim is to study the influence of electron beam irradiation on the morphology, thermal stability and mechanical properties of the nanocomposites.
Results and discussion

Characterization of the clay and its nanocomposites by XRD and SEM
X-ray diffraction (XRD) technique was employed to assess the dispersibility of nanoclay in the nanocomposites. The XRD patterns of the cloisite 15A, PP3 and PP5 are shown in As seen, the characteristic (001) plane diffraction peak of cloisite 15A is around 2θ=7.25º, while the peak of PP3 is shifted to lower angles when compared with cloisite 15A (2θ=5.3º), this indicates that the molecules of PP-g-MA are intercalated into the layered silicates of clay, expanding the basal spacing of organoclay. The strong hydrogen bonding between the maleic anhydride group and the oxygen group of the silicate as well as the shear force exerted on organoclay during melt blending can produce the driving force necessary for the intercalation. The interlayer spacing of the clay as well as its compatibility with polymer is increased, so the clay galleries could easily be intercalated with PP. The peak of PP5 (%PP-g-MA=0 %wt), is around 2θ = 7º. It is clear that, the d spacing of PP5 is nearly the same as that of the cloisite 15A. It indicates that the PP5 has deintercalated the morphology, which may result from immiscibility between PP and organoclay because PP does not include any polar group in its backbone. This observation clearly indicates that the PP-g-MA plays a compatibilizing role, as expected, by interacting sufficiently with cloisite 15A and the PP matrix. As can be seen, the addition of PP-g-MA into the polymer matrix has improved the dispersibility of clay layers in fields. A homogeneous structure in the presence of compatibilizers was formed. On the other hand, the absence of these compatibilizers in PP nanocomposites has reduced dispersibility and has caused aggregation of clay layers that subsequently leads to heterogeneous structure.
TGA characterization of nanocomposites
The thermal stability of polymer/clay nanocomposites is usually studied by thermogravimetric analysis (TGA). One of the parameters that is of interest from the TGA curves is the onset of the degradation, which is usually taken as the temperature at which 10% degradation occurs (T 0.1 ).
Tab. 1. TGA data, in argon, for PP/Clay nanocomposites before and after EB irradiation. The data are tabulated in Table 1 and shown graphically in Fig. 3 . As seen in Fig. 3 and Table 2 , PP nanocomposites show enhanced thermal stability. The onset temperature increases by 22 ºC at 3% clay loading , while at higher clay loading , 5% and 7% , the onset temperature of the nanocomposites are 13 and 14.5 ºC higher than that of the pure PP/PP-g-MA blend. Comparison of PP3 and PP5 (without PP-g-MA) indicates that the simultaneous presence of PP-g-MA and clay in the PP matrix could induce a positive effect on the thermal stability of PP, but this effect is negligible because the thermal stability of the PP and PP-g-MA are identical. The enhanced thermal stability of the polymer/clay nanocomposites is attributed to the lower permeability of oxygen and the diffusibility of the degradation products from the bulk of the polymer caused by the exfoliated clay in the composites [21, 22, 23] . Fig. 3 . TGA curves for PP/Clay nanocomposites before and after EB irradiation.
As seen in Fig. 3 and Table 2 , the effect of EB irradiation on the thermal stability is more pronounced. 500 KGy irradiation dose, has negative effect on thermal stability. At 500 KGy irradiation dose, the onset temperature of the degradation decreases for all cases, but this reduction for the nanocomposite with 5% clay less than that of the other specimens. It is usually well accepted that the decreased thermal stability for PP/Clay nanocomposites is mainly due to the degradation (through chain scission), which does not hinder the out-diffusion of the volatile decomposition products, as a direct result of the increase in permeability. 
Mechanical properties
The mechanical properties of the nanocomposites, such as tensile strength, Young's modulus and hardness , have been evaluated and data are shown graphically in Figs 4, 5 and 6 for tensile strength , Young ' s modulus and shore hardness, respectively. In PP nanocomposites, the tensile strength is slightly decreased compared with PP, while Young's modulus is increased with increasing clay loading. The shore hardness of PP/Clay nanocomposites increases with increase in clay content. The uniformity distributed intercalated platelets improved the stiffness of nanocomposites. The presence of these stiff clay platelets and entanglement of polymer chains made the PP nanocomposites harder. The value of tensile strength decreases remarkably for all specimens with increasing radiation dose up to about 550 KGy ( but this reduction for PP/Clay nanocomposites with 3% clay loading is less than that of the pure PP/PP-g-MA blend) and then , a slight decrease for PP2 and PP4, as the dose raised up to 1000KGy. Increasing the irradiation dose more than 550 KGy resulted in a constant tensile strength for PP3. These results can be explained by the fact that in the PP/Clay nanocomposites, irradiation causes two competing reaction namely cross-link formation and scission of chains, the reduction in tensile values shows that chain scission leading to polymer degradation is the main reaction here. In higher irradiation doses, reduction in tensile strength of PP nanocomposites is less than that of the pure PP/PP-g-MA blend. As the Fig. 5 shows, the Young's modulus of PP1 is decreased vigorously with increasing irradiation doses up to about 500 KGy because of chain scission. The Young's modulus of PP2 is decreased with increasing irradiation doses up to about 100 KGy due to chain scission and then remains constant with increasing the dose up to 500 KGy. This parameter for PP3 is increased with increasing irradiation doses up to about 450 KGy due to cross linking and then a marked decrease up to 1000 KGy because of chain scission. The Young's modulus of PP4 is decreased with increasing irradiation dose up to about 100 KGy because of chain scission and then marked decrease up to 500 KGy due to cross linking and finally a decrease up to 1000 KGy.
As we see in Fig. 6 ., the hardness of PP1 is increased sharply with increasing irradiation doses up to100 KGy due to cross linking and a marked decrease up to 1000 KGy because of chain scission. The hardness of PP2 is increased slightly with increasing irradiation doses. This parameter in PP3 is decreased with increasing irradiation doses due to chain scission. The hardness of PP4 is decreased with increasing irradiation dose up to 500KGy because of chain scission and then a increase up to 1000 KGy. The increasing hardness with increasing irradiation dose can be linked to the fact that the increase of cross linking improved the stiffness of PP matrix, making the PP nanocomposites harder.
Conclusions
Generally, in this paper, the influence of irradiation on PP nanocomposites with cloisite 15A and PP-g-MA were studied. XRD results showed that these nanocomposites are best described as intercalated systems. PP/Clay nanocomposites showed good thermal stability in TGA analysis, but 500 KGy irradiation dose had negative effect on onset temperature degradation of nanocomposites (this reduction for the nanocomposites with 5% clay was less than that for other specimens). The value of tensile strength decreased remarkably for all specimens with increasing irradiation dose up to about 550 KGy, but this reduction for nanocomposites with 3% clay was less than that of the pure PP/PP-g-MA blend. In higher irradiation doses, reduction in tensile strength of PP nanocomposites was less than that of the pure PP/PP-g-MA blend. Optimum irradiation dose of Young's modulus for PP/Clay nanocomposites with 5% clay was 450 KGy. In higher irradiation doses, PP/Clay nanocomposites with 3% clay showed good shore hardness when compared to the other specimens.
Experimental
Materials
The materials used in this study were clay, polypropylene and compatibilizer (MA grafted PP). The clay (Southern clay products, Inc, Gonzales, Texas, USA) was cloisite 15A which is a natural montmorillonite modified with a quaternary ammonium salt which is shown in Fig. 7 . Modifier is 2M2HT (dimethyl,dihydrogenatedtallow , quaternary ammonium , where HT is hydrogenated tallow (65% C18 , 30% C16 , 5% C14 , anion: chloride). In this clay concentration is 125 meq/100gr clay and % moisture is <2% and % weight loss on ignition is 43%. Polypropylene (P10800, MFI=8.5 gr/10 min at 190º C) was acquired from Bandar Imam petrochemical complex (Bandar Imam, Iran); and PP-g-MA (MFI=5 gr/10 min at 230º C, MA content=0.5-0.7 wt%) was obtained from the Kimia Javid Sepahan company (Iran). 
Preparation of PP/clay nanocomposites
All nanocomposites were prepared using melt blending in a Brabender plasticorder at 70 rpm and 175 ºC for 10 min; the calculated amount of PP, PP-g-MA and clay was put into the Brabender mixer at the same time. After 10 min of blending, the mixture was removed from the chamber and allowed to cool to room temperature. Then, the samples were transferred to a laboratory press and compression molded into 150mm×150mm×5mm plates. The pressing process had five steps: first step was preheating at 155 ºC for 4 min, second step was pressing at 5 bar for 50 sec, third step was pressing at 10 bar for 80 sec, fourth step was pressing at 20 bar for 100 sec and fifth step was pressing at 25 bar for 100 sec (cooling). The composition of the nanocomposites is given in 
Electron beam irradiation (irradiation process)
The specimens were cut from the plates and were subjected to EB irradiation using Rhodotron type electron accelerator machine TT200 model, using 10 MeV electron beam with a maximum of 8 mA beam current.
Instrumentation
Dispersibility of the organoclay in the polymer matrix was evaluated by XRD. XRD patterns were recorded by a Philips x , pert X-ray generator with Cu Kα radiation at 40 kV and 40 mA. The diffractograms were scanned in 2θ ranges from 1 to 10º at a rate of 2.4º/min. The basal spacing of the silicate layers, d, was calculated according to Bragg , s equation , λ=2d sinθ.
The morphology of the samples was examined on fractured specimens by scanning electron microscopy. The apparatus used was a Philips SEM mod.XL30 and the fracture surfaces were coated with a gold layer by vacuum sputtering.
Thermogravimetric analysis, TGA, was carried out on a Chan TG131 unit under argon at a scan rate of 20 ºC per minute from room temperature to 600 ºC at 15 mgr scale. Temperatures are reproducible upto ±0.01º C.
Tensile properties (Young , s modulus and tensile strength) were measured according to ASTM D638 using instron 4411 tensile test machine at a strain rate of 50 mm/min. The shore hardness was measured according to ASTM D2240-95 by using a Shore-A hardness instrument (Zwick). All measurements were taken three times and the averaged values were the result.
